Let p be an odd prime and a be a positive integer. We show that p−1 k=0
Introduction
As early as 1895, with the help of De Moivre's theorem, Morley [12] (or cf. [8] ) proved a beautiful congruence for binomial coefficients:
(−1) (p−1)/2 p − 1 (p − 1)/2 ≡ 4 p−1 (mod p 3 ) (1.1) for any prime p 5. And Carlitz [2] extended Morley's congruence as follows:
(−1) (p−1)/2 p − 1 (p − 1)/2 ≡ 4 p−1 + 1 12
for each odd prime p, where B n are the Bernoulli numbers given by
On the other hand, some combinatorial and arithmetical properties of the binomial sums n k=0 n k a and n k=0 (−1) k n k a have been investigated by several authors (e.g., Calkin [3] , Cusick [4] , McIntosh [11] , Perlstadt [13] However, by using asymptotic methods, de Bruijn [1] has showed that no closed form exists for the sum n k=0 (−1) k n k a when a 4. And Wilf proved (in a personal communication with Calkin, see [3] ) that the sum n k=0
n k a has no closed form provided that 3 a 9.
Recently Chamberland and Dilcher [5] studied the congruences for the sum
where a, b 0 and ǫ ∈ {0, 1}. For example, they proved that for any prime p 5
unless (ǫ, a, b) = (0, 0, 1) or (0, 1, 0 
and p−1
Before the proof of Theorem 1.1 is given in Section 3, we need some congruences on the reciprocal sums of integers.
Two lemmas
The Bernoulli polynomials B n (x) are defined by
Clearly B n = B n (0). Also we have
for any positive integers n and m. For more properties of Bernoulli numbers and Bernoulli polynomials, the readers may refer to [6] and [9] .
The following lemma is an extension of a classical result due to Lehmer [10] .
Lemma 2.1. Let p 5 be a prime. Then (i)
Proof. In light of the von Staudt-Clausen theorem [9, Chapter 15, Theorem 3], B j is p-integral whenever p − 1 ∤ j. So for any integer α 1
Thus by noting that B n (1/2) = (2 1−n − 1)B n [6, Eq. (9.76)], we deduce that
where in the last step we use the Kummer congruence [9, Chapter 15, Theorem 5]
and the congruence
The proof of (ii) is very similar, so the details are omitted here. Now clearly (1.2) is an immediate consequence of Lemma 2.1 by observing that 
Proof. It follows from Lemma 2.1 that
k n is divisible by p if 2 n p − 3 and n is even. And we know that B n = 0 for all odd n 3. Hence
This concludes the proof of (2.4). And we left the proof of (2.5) as an exercise for the readers.
Proof of Theorem 1.1
Assume that p 5. For any 1 r < p, we have All are done.
